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GAS QUENCH AND SCRUBBER 
DRAW-OFF SYSTEM 

FIELD OF THE INVENTION 

The present invention is concerned with a system for chemically removing sulfur oxides 
and other pollutants from gases. It is especially useful in a flue gas desulfurization, such as a 
flue gas desulfurization (FGD) scrubbing system for use in chemically removing sulfur oxides 
and other air pollutants from the flue gas of a combustion source and for use in producing 
chemical reaction products for the manufacture of commercial by-products. 

BACKGROUND OF THE INVENTION 

Industrial processes result in sulfur oxides evolving from materials of the product being 
manufactured, for example in the manufacturing of bricks in a brick kiln, sulfur oxides evolve 
from the clay. The present invention is for use with any process in which sulfur oxides result, in 
order that they might be prevented from being released to the atmosphere. For example, Flue 
Gas Desulfurization (FGD) scrubbing systems are used in many industrial applications in which 
fossil fuels, containing sulfur, are combusted in order to provide heat required for various 
processes. Electrical power plants, for example, which burn coal, fuel oil, gas and the like, use 
FGD for removing sulfur oxides from the combustion gases, so as to prevent contamination of 
the atmosphere. 

In addition to preventing pollutants from entering the atmosphere, chemical reaction 
products, resulting from chemical reactions taking place in a gas scrubbing system can be a 
valuable source of material for the manufacture of commercial by-products, for example 
gypsum. 
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A typical scrubber tower is shown in Fig. 2 having a vertically elongated scrubbing 
chamber 1 through which the gas to be desulfiirized flows. A gas duct 2 delivers the gas at a 
lower section of the scrubbing tower, and an exhaust gas duct 3 removes the treated gas from an 
upper section of the scrubbing tower. Intermediate the ducts a series of sprays 4, or the like, 
distribute scrubbing slurry for reacting with the sulfur oxide pollutants contained in the gas. 
Following such reactions, a slurry reaction product drops, by gravity, to a bottom portion of the 
tower which includes a collection section 5 for holding the slurry reaction product. In order to 
provide and replenish chemicals for the reactions, such as MgSC>3, Ca(OH) 2 , Mg(OH) 2 and the 
like for reacting with the sulfur oxides of the gas, an alkaline slurry of such chemicals which can 
be prepared in mixing tank 6 is introduced into collection section 5. The material in collection 
section 5 is thus a scrubbing slurry containing liquid and solid phases of reactants and reaction 
products. 

In order to maintain a desired level of scrubbing slurry in the collection section, a bleed 
stream 7 removes the scrubbing slurry from the collection section 5 for possible use in making 
commercial by-products. 

A typical commercial by-product is gypsum. In a process for making gypsum the 
scrubbing slurry from bleed stream 7 is delivered to an oxidizer in which air or oxygen is 
combined with the scrubbing slurry in order to oxidize solid and liquid phase sulfites to sulfates. 
To promote dissolution of solid phase calcium sulfite in the oxidizer, the pH within the oxidizer 
should be less than 6.0 and preferably about 5.0. In the process of producing gypsum, once solid 
phase calcium sulfite is dissolved, oxidation of sulfites to sulfates occurs quickly and gypsum 
can be readily precipitated into a crystalline form. 
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However, in addition to the calcium sulfite, other alkaline solid phase constituents enter 
the oxidizer as well, that can raise the pH unless they are neutralized with an acid. These 
constituents are typically calcium carbonate from the alkaline slurry, unslaked calcium oxide or 
magnesium oxide, and magnesium hydroxide found with gypsum, that may be recycled from 
downstream processes. In order to maintain a favorable oxidizer pH, these alkaline constituents 
must be neutralized with an acid, preferably sulfuric acid. 

Typically, there exists in the scrubbing slurry some soluble bisulfite (HSO3" 1 ) that when 
oxidized will release an associated hydrogen ion. Released hydrogen ions then can neutralize the 
alkaline constituents that enter the oxidizer. Typically though, there is not enough acid 
associated with the bisulfites entering the oxidizer to neutralize all the alkaline constituents that 
enter the oxidizer, and additional acid is required to be added to the oxidizer to keep the pH 
within a range that allows oxidation to proceed quickly, as discussed above. 

U.S. Patent No. 6,695,018 describes a FGD system having a scoop disposed within the 
scrubbing tower and above an internal reaction tank, for collecting an effluent slurry of partially 
reacted scrubbing reagent and scrubbing reaction product, before they drain into the internal 
, reaction tank. The partially reacted scrubbing reagent and scrubbing reaction product can then 
be withdrawn for use in manufacturing commercial by-products before the addition of fresh 
reagent raises the pH of the slurry of the internal reaction tank. 

Although the collected effluent slurry of U.S. Patent No. 6,695,018 may have a pH less 
than that of the slurry of the internal reaction tank, use of the withdrawn partially reacted 
scrubbing reactant and scrubbing reaction product may still require the addition of an acid in an 
oxidizer to adjust the pH to a level more favorable for the dissolution of solid phase calcium 
sulfite in the oxidizer. 
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OBJECTS OF THE INVENTION 

It is an object of the invention to provide a system for removing sulfur oxides from gases, 
especially flue gases, and producing a gypsum by-product, without the need of adding an acid to 
the oxidizer. 

SUMMARY OF THE INVENTION 

The present invention is a gas desulfurization scrubbing system with a scrubbing tower 
having a scrubbing chamber where a scrubbing slurry contacts a gas to remove sulfur oxides 
therefrom and produces a slurry reaction product. The scrubbing tower includes a tower 
collection section below the scrubbing chamber for collecting the slurry reaction product for 
combining with an alkaline slurry to form the scrubbing slurry, a gas discharge duct above the 
scrubbing chamber, and a gas duct for delivering a gas through an inlet to the side of the 
scrubbing tower, situated between the scrubbing chamber and the tower collection section. The 
gas duct includes a quench section for contact of the gas with a portion of the scrubbing slurry, 
and a gas duct collection section in the gas duct between the quench section and the inlet to the 
tower, for collection of at least a portion of a quench reaction product resulting from contact of 
the portion of the scrubbing slurry with the gas in the gas duct. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more readily apparent from the following description of a 
preferred embodiment thereof shown, by way of example only, in the accompanying drawings, 
wherein: 
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Figure 1 is an illustration of the system of the present invention; 
Figure 2 is an illustration of a prior art FGD process. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 shows an illustration of a flue gas desulfiirization scrubbing system of the 
invention. The system includes a vertically elongated scrubbing tower 8, flue gas duct 9 for 
delivering flue gas to the scrubbing tower, and flue gas discharge duct 10 for exhausting clean 
flue gas from the chamber. Located at a bottom portion of the scrubbing tower is a collection 
section 11 into which an alkaline slurry containing S0 3 , Ca(OH) 2 , Mg(OH) 2 and the like, from 
preparation tank 12, is pumped. Intermediate flue gas ducts 9 and 10, in a scrubbing chamber 13 
are located sprayers 14, or the like, for delivering a scrubbing slurry 15 containing MgS03, 
CA(OH) 2 , Mg(OH) 2 or like reactants in a suitable form for combining with S0 3 , S0 2 , HC1 or 
other flue gas contaminants to remove them from the flue gas prior to' exhausting the flue gas to 
the atmosphere. The reactants are delivered to the sprayers with use of pump 16. Slurry reaction 
products resulting from the chemical reactions .of the scrubbing slurry and flue gas contaminants 
drop, by gravity, into collection section 11. The scrubbing slurry 15 is thus made up of a 
combination of the alkaline slurry and the slurry reaction products. Throughout the present 
specification, although a "flue gas duct" is used for describing the invention, it is to be 
understood that the term "flue gas duct" can include a gas duct from any process, through which 
sulfur oxides from the process are conveyed, and is not limited to a gas duct from a combustion 
gas system. 

In order to provide a more acidic material to an oxidizer as discussed above, for 
producing a commercial by-product, such as gypsum, it is desirable to collect reaction products 
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of the sulfur oxides removing reaction, prior to those reaction products being combined with the 
alkaline slurry, or the like, in collection section 1 1, as the addition of the alkaline slurry increases 
the pH of the scrubbing slurry, thus hindering reactions in an oxidizer. 

In order to obtain a more acidic material, the present inventors have invented a new 
system, adaptable to an existing (FGD) scrubbing system, if desired, which provides a quench 
section 17 disposed in the flue gas duct 9, which delivers the flue gas to the scrubbing tower 8. 
In the configuration of the system of the invention, both a quench section 17 and the down 
stream scrubbing chamber 13 are provided for carrying out sulfur oxide removing chemical 
reactions. A scrubbing slurry for quench section 17 is provided from the tower collection section 
11, as is the scrubbing slurry for scrubbing chamber 13. The scrubbing slurry is provided to 
quench section 17 with use of pump 18. 

The quench section 17 performs the function of adiabatically humidifying or quenching 
the flue gas, from a combustion source, that is 205°C - 105°C to a temperature of about 50°C 
using scrubbing slurry 15 from the tower collection section 11 of the flue gas scrubbing tower 8. 
The quench section 17 is located within the flue gas duct upstream of and separate from the 
scrubbing tower. During the quenching operation, constituents of the scrubbing slurry including 
but not limited to MgS0 3 , Ca(OH) 2 , Mg(OH) 2 react with particulate S0 3 , gaseous S0 2 , and 
gaseous HC1 to form Mg[HS0 3 ] 2 , Ca[HS0 3 ] .2, and MgCl 2 . The resulting quench reaction 
product which is a slurry containing liquid and solid phase reactants and products, can be drawn 
off and pumped to an ex-situ oxidizer while the quenched flue gas proceeds to the downstream 
scrubbing in scrubbing tower 8. 

A benefit of this configuration is that once the above chemical reactions occur, the 
quench reaction product will contain magnesium and calcium bisulfites that drop the pH to <5.5. 
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Before the quench reaction product can enter the tower collection section and become 
neutralized with the alkaline slurry it can be pumped to a down stream ex-situ oxidizer where all 
forms of sulfite are oxidized to sulfates and hydrogen ions are released. The released hydrogen 
ions, associated with the bisulfites, become available to neutralize carbonates, oxides, and 
hydroxides that may enter the ex-situ oxidizer from other sources, thus reducing or eliminating 
the need to add acid to the oxidizer. 

The quench reaction product is collected in a flue gas duct collection section 19 which is 
disposed in the flue gas duct 9 between the quench section 17 and the inlet 21 to the scrubbing 
tower 8. The gas duct collection section 19, preferably having a trough 20 in a lower wall of the 
gas duct, is provided with a bleed stream line 22 for conveying the quench reaction product to an 
oxidizer 23. If more quench reaction product accumulates than is pumped to the oxidizer 23, it is 
allowed to spill into tower collection section 11 as shown at 24, preferably over a lip 25. The 
quenched gas proceeds to the scrubbing chamber 13 for further removal of sulfur oxides. In 
order to maintain a steady-state operation of the system solids density and liquor chemistry, as 
the amount of sulfur oxides that are removed changes, the volume of scrubbing slurry fed to the 
quench section 17 and the volume of quench reaction product bleed off must be varied 
appropriately. 

The present invention provides a bleed stream through line 22 from a magnesium- 
enhanced-lime sulfur oxide absorber that is not first neutralized with an alkaline slurry. As a 
result of not first being neutralized, more of the soluble sulfites in the quench reaction product 
are in the bisulfite form. When fed to the ex-situ oxidizer 23 in this form, more hydrogen ions 
(acid) are available to neutralize alkaline carbonates, oxides, and hydroxides that may also enter 
the oxidizer. This reduces or eliminates the need to introduce an outside source of acid. It is 



WO 2007/130035 PCT/US2006/017153 

possible if the desulfurization system is managed correctly to not only eliminate adding acid but 
to require by-product Mg(OH) 2 to be introduced to the oxidizer to keep the pH from falling 
below 5.0. 

While specific materials, dimensional data, etc. have been set forth for purposes of 
describing embodiments of the invention, various modifications can be resorted to, in light of the 
above teachings, without departing from Applicants' novel contributions; therefore in 
determining the scope of the present invention, reference shall be made to the appended claims. 



